Postural instability is one of the most disabling features of Parkinson's disease (PD), usually occurring in the late and advanced stages of the disease. Stage III of the Hoehn-Yahr (H-Y) scale is defined by postural instability.
the evaluation of postural instability is not standardized. the retropulsion test is commonly used to clinically evaluate postural control in PD patients. However, its value is limited due to a lack of normative criteria and subjective interpretation of the outcome. [6] [7] [8] therefore, quantitative measurements should be used to perform clinical evaluations and to investigate the risk factors associated with postural instability. Computerized dynamic posturography (CDP) allows two categories of tests including the sensory organization test (SOt) and motor control test (MCt). the SOt assesses subject ability to use visual, vestibular or somatosensory information to maintain an upright stance under different sensory conditions. the MCt assesses motor reflexes triggered by abrupt platform motion by positioning the patient on a platform surrounded by a background. 9, 10 Previous quantitative studies of postural instability of early-stage PD patients have yielded inconsistent results. Some demonstrated that early-stage PD subjects have normal postural control in static and dynamic conditions, [11] [12] [13] [14] while others suggest that early-stage PD patients have infraclinical postural instability. 15, 16 these conflicting results stemmed from differences in disease severity, levodopa (L-dopa) treatment conditions, and method of postural instability (PI) quantification. the effects of L-dopa on tremor, rigidity, and bradykinesia were relatively consistent in these studies. In contrast, midline or axial symptoms associated with bulbar function, gait, balance and speech in advanced PD patients, which are poorly responsive to L-dopa medication, were due to non-dopaminergic deficits. 17 It was previously demonstrated that L-dopa treatment could increase postural sway abnormalities. 18, 19 two major clinical subtypes of PD are the postural instability/gait disturbance (PIGD)-dominant type and the tremor-dominant type. 20 Several studies investigating the relationship between PIGD and dementia have shown that PIGD is more prevalent in demented than in non-demented PD patients, and that impairment of speech and balance at baseline predicted the incidence of dementia in PD patients. [21] [22] [23] [24] [25] [26] [27] these studies administered clinical assessments including PD subtype defined by calculating Unified Parkinson's Disease Rating Scale (UPDRS) subscores and initial motor symptoms for the PDsubject grouping.
the aim of this study was to investigate CDP performance in the early-stage PD patients with no clinical postural instability or history of L-dopa/ anti-PD medication compared to age-and sexmatched controls. We sought to understand the relationship between postural sway and disease severity, and the relationship between postural instability quantitatively measured by CDP and cognitive impairment in early-stage PD patients.
SUBJECTS AND METHODS

Subjects
thirty-one subjects consecutively diagnosed with PD over a span of ten months in the Department of Neurology, Korea University Guro Hospital, were enrolled in the study. all patients met the United Kingdom Parkinson's Disease Society Brain Bank criteria for PD diagnosis. all patients were in early-stage PD (H-Y stage 1 to 2.5) with no history of L-dopa/anti-PD medication. Patients were screened for clinical signs of musculoskeletal and otoneurological problems, and peripheral sensory loss by a comprehensive history and physical examination. Polyneuropathy was excluded by clinical neurological assessments, including deep-tendon reflex and sensory testing. the PD group consisted of 16 women and 15 men, mean age 68.10 ± 7.28 years, and were divided into two groups on the basis of their modified H-Y score (group I: H-Y  stage 1 and group II: H-Y stage 2 and 2.5) . 20 PD subjects were assessed using the SOt and the MCt of dynamic posturography (Neurocom, Clackamas, OR, USa). Clinical measures, such as the modified H-Y stages and UPDRS III, were assessed immediately before CDP testing. a neuropsychological assessment was also administered to all patients.
twenty control subjects were chosen to match the PD group with respect to age and gender. the age-and sex-matched control group consisted of ten women and ten men, mean age 66.60 ± 7.80. all control subjects were screened for neurological, vestibular, and peripheral sensory symptoms by patient history and physical examination, and all gave informed consent. the Korea University Institutional Review Board approved the study protocol.
METHODS
Computerized dynamic posturography (CDP)
Computerized dynamic posturography is a quantitative method for assessing balance under a variety of conditions that simulate conditions encountered in daily life. 28 the NeuroCom Smart equitest system was used to measure postural response to dynamic perturbations during SOt and MCt testing. the equipment is composed of a steel frame incorporating a dualforce plate system capable of translating in both the forwardbackward direction, causing rotation about the ankle joint in the sagittal plane when the support surface is sway referenced. a patterned screen that occupied the subject's field of view surrounded the subject while on the platform. the platform was equipped with force transducers that allowed measurement of the changes in subject weight distribution. the platform, equipped with force transducers, measures vertical force that along with the height of the patient, are used to calculate the center of gravity angle. the change in the center of gravity angle is measured in real time about the ankle joint. each subject's height was measured while he or she stood barefoot on the movable platform wearing a safety harness. Subjects were instructed to stand upright, face the visual surround, and maintain their balance throughout testing. the normal anterior to posterior range of sway was typically 12.5°( 8.25° anterior, 4.25° posterior) without the subject experiencing a loss of balance. 29 Subject data were entered (age, height) into the NeuroCom software such that current results could be compared with the software age-matched normative data, and dynamic perturbations were scaled according to the subject's height.
Sensory organization test (SOT)
30,31
the SOt objectively identifies problems with postural control by assessing the patients's ability to make effective use of visual, vestibular and proprioceptive information. each subject's postural sway was measured during triplicate 20-second trials after the following six sensory conditions: surround. equilibrium scores (0~100%) during each trial and condition were measured and calculated by comparing the angular difference between the subject's measured maximum anterior to posterior center of gravity displacement to the theoretical sway stability limit of 12.5°. Loss of balance (score 0) occurred when a subject's sway reached and exceeded their stability limits and the subject took a step or required support to regain balance. Subject sensory analysis shows the relative contribution of different sensorial inputs and is calculated by the equilibrium score obtained in the different test conditions. For example, visual input ratio reflects subject's ability to use visual input to maintain balance and visual preference ratio implies the degree to which a subject relies on visual information to maintain balance, even when the information is incorrect. 1. Somatosensory input ratio = SOt2 / SOt1 2. visual input ratio = SOt4 / SOt1 3. vestibular input ratio = SOt5 / SOt1 4. visual preference ratio = (SOt3 + SOt6) / (SOt2 + SOt5)
Motor control test (MCT)
30,31
For the MCt, the subjects' automatic postural reactions were measured in response to support surface translations. the surround remained stationary, and the subjects kept their eyes open throughout the test. the six conditions for MCt testing were both forward and backward platform translations to induce small (2.8°/s), medium (6.0°/s), and large (8.0°/s) sway of the center of gravity, which were then measured at the onset of balance correction response. Responses were referred by long reflex arcs that affected both the tactile and muscular-tendinous receptor of the lower limbs, the sensitive and motor peripheral nerves, and the ascending and descending medullary pathways.
Latency scores from the MCt were determined by the differentiation of the force plate data from each foot. Postural response latency was the elapsed time between the onset of support surface translation until the subject actively resisted the induced sway.
Neuropsychological assessments
the general cognitive status of each subject was evaluated by means of the Korean versions of the mini-mental status examination (K-MMSe) and the clinical dementia rating (CDR) scale. Detailed cognition was evaluated using the Seoul Neuropsychological Screening Battery, 32 which consists of an attention test (forward digit span, backward digit span, letter cancellation), a language and related function test (spontaneous speech, comprehension, repetition, naming measured by the Korean version of the Boston Naming test, reading, writing, finger naming, right-left orientation, body part identification, calculation, and praxis), a visuospatial function test (drawing interlocking pentagon and the Rey complex figure test), a verbal memory test (three word registration, three word recall, and the Seoul verbal Learning test which included immediate recall, delayed recall, recognition), a non-verbal memory test (immediate recall, delayed recall, and recognition of a Rey complex figure) and a frontal executive function test (motor impersistence, contrasting program, go-no-go test, fist-edgepalm, alternating hand movement, alternating square and triangle test, Luria loop, Controlled Oral Word association test: animal, supermarket and letter, Korean-color Word Stroop test: word reading, color reading). Neuropsychological data were treated as continuous variables in an attempt to avoid biasing the results with categorization based on artificial cut-offs.
Statistical analysis
the data were expressed as means ± standard deviation (SD) or n (%). a x 2 analysis was used for categorical variables. a Student's t-test was used to detect differences in the mean equilibrium scores (eS) in each SOt condition, and motor latency in each MCt condition between the control and earlystage PD groups. Kolmogorov-Smirnov test was used to detect the distribution of data. Because the data were not normally distributed, a Mann-Whitney rank sum test was used to determine significance between the eS for the control and the early-stage PD group. One-way analysis of variance (aNOva) was used to identify significant differences in general distributions between the three groups (group I: H-Y stage 1, group II: H-Y stage 2 & 2.5, and control) and post hoc tukey's B tests were used to explore precisely where the significant differences occurred. Kruskal-Wallis test was used to identify significant differences in CDP data between the three groups (group I: H-Y stage 1, group II: H-Y stage 2 & 2.5, and control). to test whether the mean eS in each SOt condition, and motor latency in each MCt condition were associated with H-Y stage, multilevel proportional odds ordinal regression modeling was conducted. Multivariate ordinal regression analyses were performed to control for the age and height covariates. a Spearman rank correlation was used to assess the relationship between the MMSe score and the eS in each SOt condition, between the posture score from the UPDRS motor scale and motor latency in each MCt condition and between the MMSe score and motor latency in each MCt condition. a P value of ≤ 0.05 was used as the level of significance. all analyses were performed using SPSS 12.0 for Windows.
RESULTS
Parkinson's disease patient demographics are summarized in table 1. there were no differences in age, sex ratio, or height between PD patients and controls. the average H-Y stage of early-stage PD patients was 1.8 ± 0.50. When PD patients were divided into two groups on the basis of modified H-Y scores (group I: H-Y stage 1, group II: H-Y stage 2 & 2.5), there were no differences in age, sex ratio, or height among group I, group II, and the controls (table 1) . the mean score of MMSe of PD patients was 23.6 ± 3.6 (range, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
Under all SOt conditions, comparison between early-stage PD subjects and the control group did not show any significant differences in mean eS, and the sensory analysis ratio results did not show any significant differences between groups (table 2) condition were detected between the early-stage PD subjects and the control group (table 2) . When the early-stage PD subjects were divided into groups I and II (based on H-Y scale) and compared with controls, no significant differences in the mean eS and motor latency among the three subgroups was found (table 2) . In SOt5 and vestibular input ratio, group II showed a trend that was lower than the controls and group I, but the overall differences were not significant (SOt5, P = 0.082; vestibular input ratio, P = 0.061) ( there were significant correlations between the eS for SOt4 to SOt6 condition and the MMSe scores (supplementary Figure  2) . the correlation was only seen in sway-referenced floor conditions (SOt4, r = 0.404; SOt5, γ = 0.383; SOt6, γ = 0.446, P < 0.05). thus, postural sway increased with more impaired general cognition under dynamic conditions. these differences translated into a significant correlation between visual input or vestibular input and MMSe scores (Figure 1 ). there was a significant correlation between the motor latency for large backward translation and MMSe scores (Figure 2 , γ = -0.452, P = 0.011). thus, motor latency for large backward translation increased with more impaired general cognition.
there were significant correlations between several domains of the detailed neuropsychological battery test such as attention, naming, visual memory and verbal memory and the eS in the 
DISCUSSION
We sought to determine whether a significant difference of postural instability measured by a CDP method was present between two H-Y-distinguished groups of early-stage PD subjects and healthy controls, and how this postural instability correlated with cognitive performance. all patients were at the early stage of disease (Hoehn-Yahr stage 1 to 2.5) with no history of L-dopa medication.
Normal postural control in early-stage PD subjects
there is controversy in the literature as to whether postural instability measured by CDP in early-stage PD patients is different from healthy controls. 11, 12, 15, 33, 34 In this study, we show that early-stage PD subjects had normal eS values under any SOt condition and normal motor latency under any MCt condition. Our patients had received no L-dopa medication; therefore we could exclude the effect or side effects of this treatment in our assessment. We found no significant differences in postural instability measured by CDP between early-stage PD subjects and healthy controls. this finding suggests that the measure of postural sway by CDP may be an objective method to observe PD progression, as patients are normal at early stages of the disease and become increasingly abnormal with disease progression. Frenklach, a et al reported. and height, which probably played a role in its instability. Measurement of postural sway by CDP might be an objective method to observe PD progression in early stages of the disease. Because PD is a central nervous system disorder, this deficiency suggests a dysfunction in central processing rather than a peripheral lesion. the deficit in SOt5 or vestibular input ratio cannot be explained by peripheral or brainstem vestibular disease in this study, as none of the patients had clinical signs of vestibular disease. If peripheral vestibular sensory inputs are normal in PD, a possible explanation for the association of vestibular dysfunction could be deficits in central vestibular or sensorimotor integration. 19, 34 Certain studies have suggested that PD subjects are highly visually dependent.
Relationships between ES for SOT5, or vestibular input and H-
35,36 the measurement of visual dependence can be achieved using SOt by comparing eS under conditions of visual absence with conditions where visual feedback is incongruent; however, in this study a specific visually-dependent group of the early-stage PD patients was not identified.
Relationship between ES for SOT4, 5, 6, visual input ratio, or vestibular input ratio and MMSE in early stage PD
the SOt4, 5, 6 pattern has been labeled 'surface dependence' or 'combined visual-vestibular deficit'. Patients with this pattern were unable to stand when somatosensation was distorted despite having the opportunity for normal visual and vestibular inputs. 9 Under dynamic conditions, PD subjects are unable to use the proprioceptive feedback for orientation. Previous studies suggested that the expressed postural instability of PD patients under these conditions is attributed to a failure of higher-order sensory integration centers rather than an abnormality in primary vestibular feedback, as this is normal in PD.
12,37 these results suggested that postural instability in dynamic conditions became worse with increasingly impaired cognition. Postural sway increased with an increase in impaired general cognition under dynamic conditions. these differences translated into a significant correlation between visual input or vestibular input and MMSe scores.
Relationships between motor latency for large backward translations and MMSE in early-stage PD
the MCt measured automatic postural responses to rapid unexpected movements of the force plate. this study showed that motor latency was not significantly different between PD subjects and controls, and was not correlated with disease severity; however, the scores of motor latency for large backward translation were negatively correlated with cognitive impairment, and positively correlated with posture item of motor UPDRS scale. It is thought that the correlation of motor latency with only backward translation and MMSe could be due to the stooped posture, one of the parkinsonian features. the nervous system, including high cortical function, normally makes a "best guess" about an anticipated postural perturbation and primes an appropriate postural response before the response occurs. Postural instability evaluated via the scores of motor latency for large backward transition might be an indicator of reduced postural stability related to cognitive decline in PD.
Relationships between each domain of the detailed neuropsychological battery test and the ES for each SOT condition: sensory analysis ratios and motor latencies for each MCT condition
there were several significant correlations between each domain of the detailed neuropsychological test and the eS for each SOt condition, sensory analysis ratios, or motor latency for each MCt condition. the SOt5 or vestibular input that correlated with disease severity in early-stage PD subjects correlated with R-CFt copy and recall of R-CFt. With these exceptions, the eS in several conditions or the ratios of sensory analysis correlated with several domains of the neuropsychological test. It is thought that postural instability could be related to visuospatial function, or visual memory. these findings might be affected by the influence of each characteristic of the conditions of CDP themselves. therefore, generalized cognitive function might correlate with postural sway. 
Study Limitation
It must be acknowledged that there were several limitations to the current study. although PD patients and controls did not differ in mean scores on the SOt and MLt, we found that a within-group PD analysis yielded significant correlations with H-Y stage. this finding could explain not only cognitive dysfunction but also increased variance in the PD group with some patients having worse than normal and others better than normal performance. For example, it appeared from table 2 that the SD for some tests (e.g., SOt 5 & 6 and the vestibular input ratio and preference measures) was much higher in the H-Y stage 2-2.5 patient group compared to the HY stage I group and normal control. this implied that our findings in fact were largely driven by the patients in HY 2-2.5 patients rather than the real early PD patient (H-Y stage 1), and that the increased variance was caused by vestibulr over-compesation in some patients and/or decompensation in others.
CONCLUSIONS
We used CDP to quantify postural instability in early-stage PD patients. No significant difference between early-stage PD subjects and controls was identified; however, eS in SOt5 or the vestibular input ratio correlated with the severity of early-stage PD. We demonstrated that there was a negative correlation between the eS in SOt4 to SOt6 and the MMSe. SOt5 and vestibular input was correlated with visuospatial dysfunction and visual memory dysfunction. these findings suggested that CDP could not differentiate postural instability in early-stage PD, and infraclinical postural instability might exist in early-stage PD. this study showed the subclinical abnormalities in balance and equilibrium in the early-stage PD patients with no clinical postural instability. We thought that the subclinical balance abnormality might relate to cognitive dysfunctions. Correlation is significant at the 0.05 level (2-tailed). * Correlation is significant at the 0.01 level (2-tailed). Correlation is significant at the 0.05 level (2-tailed). * Correlation is significant at the 0.01 level (2-tailed) 
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